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Abstract
Motivated by recent astrophysical observations, we investigate the shadow behaviors of four
dimensional charged rotating black holes with a cosmological constant. This study is made in
terms of a reduced moduli space parameterized by the charge and the rotation parameters. For
a negative cosmological constant, we analyse in some details two models dealing with Kerr-
Newman and Kerr-Sen black holes. In certain parameter regions, we find cardioid-like (heart-
shaped) shadows. For Anti de Sitter backgrounds, a comparative discussion is provided by
computing the geometrical observables and the energy emission rate. Inspecting the effect of
the cosmological constant, we obtain conditions favoring cardioid-like shadows for (Anti) de
Sitter spaces.
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1 Introduction
Four dimensional black holes have received an increasing interest supported not only by many phys-
ical models including superstrings and related theories [1, 2], but also by the international Event
Horizon Telescope (EHT) collaboration having unveiled the first shadow image of a supermassive
black hole, located in the center of galaxy M87 [3, 4]. A particular emphasis has been put on the
interplay between such a physics on Anti-de-Sitter (AdS) geometries with a negative cosmological
and thermodynamics. This has opened interesting windows to develop and elaborate many links
with critical behaviors appearing in the black hole physics. Concretely, phase transitions of various
AdS black holes have been extensively investigated showing non trivial results. In this context,
many thermodynamical quantities have been computed in order to unveil the thermodynamical
properties of black holes obtained from different gravity theories [5, 6]. Four and higher dimen-
sional concrete solutions have been dealt with by interpreting the cosmological constant as the
pressure and its conjugate as the volume [7, 8]. Thermodynamics of charged and rotating (A)dS
black hole systems, controlled generally by the mass, the charge and the angular momentum, have
been approached using the physics of Van der Waals fluids. Superstring models and M-theory have
been also exploited to investigate such properties by implementing other stringy fields including
tensor and scalar fields [9–11].
More recently, optical properties of four dimensional black holes have been largely studied in
connections with non trivial backgrounds completing the thermodynamical investigations [12, 13].
Precisely, the shadows have been considered as a physical reality supported by EHT collaborations.
For such reasons, shadow and deflection angle behaviors of various charged and rotating black holes
have been discussed using different methods. In particular, it has been revealed that the shadows
of non rotating black holes involve a circular geometry. However, such a geometry can be deformed
by introducing rotation parameters needed for engineering spinning solutions. In certain models,
the size of such a geometry depends also on certain parameters associated with external sources
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including dark energy (DE) and dark matter (DM) [14, 15]. A close inspection shows that the
charged rotating (A)dS black hole shadows, in light of observations, could provide insight to the
spacetime structure and information on the corresponding physics. In particular, the geodesics
can be linked to two-point correlations in AdS/CFT context [16]. Therefore, the analysis of such
shadows could be considered as a useful tool to not only explore the astrophysical black holes but
also to compare alternative theories with general relativity.
The aim of this work is to investigate the shadow behaviors of four dimensional charged rotating
black holes with a cosmological constant in terms of a reduced moduli space parameterized by the
charge and the rotation parameters. For AdS backgrounds, we elaborate, in some details, explicit
models treating the Kerr-Newman (KN) solution and the Kerr-Sen (KS) black hole obtained more
recently in [17]. A key observation is that we find cardioid-like (heart-shaped) shapes. Then,
we discuss and compare the geometrical observables and the energy emission rate of both black
holes. Inspecting the effect of the cosmological constant, we get constraints generating cardioid-like
shadows for (A)dS spaces. Links with other results are also given. In this work, dimensionless units
have been used (G = ~ = c = 1).
The paper is structured as follows. In sections 2 and 3, we investigate the shadow behaviors of
KN-AdS and KS-AdS black holes with a negative cosmological constant, respectively, Then, certain
results and comparative discussions on such behaviors are provided in section 4. In section 5, we
inspect the cosmological constant effect on optical aspects for (A)dS backgrounds. The last section
is devoted to conclusions and open questions
2 Shadows of Kerr-Newman AdS black hole
In this section, we investigate the photon geodesics around the four dimensional KN black hole
with a cosmological constant, being a charged generalization of the Kerr black solution. To get
such a solution, one should exploit the Einstein-Maxwell modified action which reads as
I = − 1
16piG
∫
M
dx4
√−g [R− F 2 + 2Λ] (2.1)
where F = dA denotes the field strength of the gauge potential 1-form. Λ is the cosmological
constant. It is worth nothing that two solutions can arise depending on Λ. For Λ > 0, the solution
will be called Kerr-Newman de Sitter (KN-dS). However, Λ < 0 generates a solution referred to
as Kerr-Newman Anti de Sitter (KN-AdS) which will be investigated in certain details trough this
work. As usually, the variation of the above action with respect to the metric tensor gµν can give
KN solutions. According to [18, 19], the Boyer-Lindquist coordinates provide the following line
element
ds2 = −∆r
Σ
(
dt− a
Ξ
sin2 θdφ
)2
+ Σ
(
dr2
∆r
+
dθ2
∆θ
)
+
∆θ sin
2 θ
Σ
(
adt− (r
2 + a2)
Ξ
dφ
)2
where one has Σ = r2 + a2cos2θ and Ξ = 1 + Λ3 a
2. However, the ∆ functions are given by
∆θ = 1 +
Λ
3
a2 cos2 θ, ∆r = (r
2 + a2)(1− Λr
2
3
)− 2mr +Q2. (2.2)
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Here, m, a and Q are the mass parameter, the angular momentum per unit mass and the charge,
respectively. According to shadow black hole activities, the photon equation of motion on such a
background can be elaborated using the Hamilton-Jacobi equation
∂S
∂τ
+
1
2
gµν
∂S
∂xµ
∂S
∂xν
= 0, (2.3)
where τ is the affine parameter associated with the geodesics. S being known by the Jacobi action
is given by
S = −Et+ Lφ+ Sr(r) + Sθ(θ), (2.4)
where E = −pt and L = pφ are the conserved total energy and the conserved angular momentum
of the photon, respectively, where pµ is its four-momentum. They are geodesic constants of motion.
Sr(r) and Sθ(θ) are functions depending only on r and θ variables, respectively. To get the complete
relations of null geodesics, a separation method is needed which could be supported by the Carter
mechanism [20]. The illustration of the black hole shadow geometries requires two dimensionless
impact parameters expressed as
ξKN =
L
E
, ηKN =
K
E2
, (2.5)
where K denotes a separable constant analogue to the Carter one reported in [20]. The subscript
KN stands for the KN black hole solution. To obtain the corresponding relations, ceratin calcula-
tions should be performed. Indeed, they give the null geodesics equations
Σ
d t
dτ
= E
[(
r2 + a2
) [(
r2 + a2
)− aξKNΞ]
∆r
+
a
(
ξKNΞ− a sin2 θ
)
∆θ
]
, (2.6)
Σ
d r
dτ
=
√
RKN (r), (2.7)
Σ
d θ
dτ
=
√
ΘKN (θ), (2.8)
Σ
dφ
dτ
= E Ξ
[
a(
(
r2 + a2
)− aξKNΞ)
∆r
+
ξKNΞ− a sin2 θ
sin2 θ∆θ
]
. (2.9)
In these relations, RKN (r) and ΘKN (θ) which describe the radial and the polar motion read as
RKN (r) = E2
[[(
r2 + a2
)− aξKNΞ]2 −∆r[(a− ξKNΞ)2
∆θ
+ ηKN
]]
, (2.10)
ΘKN (θ) = E
2
[
ηKN∆θ − cos2 θ
(
ξ2KNΞ
2
sin2 θ
− a2
)]
. (2.11)
It is known that the unstable circular orbit can determine the boundary of the black hole geometric
shapes using the constraints
RKN (r)
∣∣∣
r=r0
=
dRKN (r)
dr
∣∣∣
r=r0
= 0, (2.12)
where r0 represents the circular orbit radius of the photon. After calculations, we find
ηKN =
r2
(
16a2∆r∆θ − (r∆′r − 4∆r)2
)
a2∆θ∆′r
2
∣∣∣∣
r=r0
, (2.13)
ξKN =
(
r2 + a2
)
∆′r − 4r∆r
aΞ∆′r
∣∣∣∣
r=r0
, (2.14)
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where one has used ∆′r =
∂∆r
∂r An examination shows that the boundary of shadows of such black
holes depends on many parameters including cosmological constant numerical values. For simplicity
reasons, we first consider the AdS backgrounds for which Λ is linked to the characteristic length
scale of the AdS geometry via Λ = − 3
`2AdS
. Results associated with a positive cosmological constant
describing dS geometries will be shortly discussed later on. For later use, we introduce a twist
charge parameter b = Q2/2m in the associated ∆r function. In this way, the shadow geometry will
be controlled by a moduli space parameterized by {m, a, b}. Fixing the mass, such a space reduces
to {a, b}. To visualise the shadows, we place the observatory in the equatorial plane θ = pi/2. 1
For such a position, we find
ηKN =
r20
(−a4r40 + 2a2`2AdS (−4bm (`2AdS + r20)+ 2`2AdSmr0 + r30(3m+ r0))−AKN 2)
a2BKN
2 , (2.15)
ξKN =
`2AdS
(−a4r0 + a2 (`2AdS(m+ r0)− r30)+AKNr0)
a
(
a2 − `2AdS
)
BKN
, (2.16)
where AKN and BKN are expressed as follows
AKN = `
2
AdS(4bm+ r0(r0 − 3m)), (2.17)
BKN = r0
(
a2 + 2r20
)
+ `2AdS(r0 −m). (2.18)
Considering the limit Λ = 0 and b = 0, these equations become
ηK =
r30
(
4a2m− r0 (3m− r0)2
)
a2 (r0 −m)2
, (2.19)
ξK =
r20 (3m− r0)− a2 (m+ r0)
a (r0 −m) , (2.20)
recovering the results associated with the Kerr black hole reported in [21]. Sending a to zero, we
obtain the Schwarzschild black hole, where the photon sphere can be described by the equation
ηS + ξ
2
S = 27m with r0 = 3m [22]. It has been shown that the shadows can be nicely described
using the celestial coordinates α and β developed in many places including [23]. In the present
model, they take the following forms
αKN = −ξKN (2.21)
βKN = ±√ηKN (2.22)
where the observer is placed in the equatorial plane. In Fig.1, the associated shadows are plotted
in such a plane by exploiting ηKN and ξKN expressions. In particular, we illustrate the shadow
geometrical behaviors in terms of the (a, b) reduced moduli space. It has been observed that
for very small values of the rotating parameter a the shadow shape involves a perfect circular
geometry. When such a rotation parameter becomes relevant, the black hole develops a so-called
D-shape shadow. Increasing the values of a and the charge parameter b, the shadow gets a new
deformation. In particular, it exhibits cardioid-like (heart-shaped) geometry. Fixing the rotation
parameter a, the shadow size is decreased by the increase of the parameter b.
1Other observer positions could be possible which are left for other investigations.
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Figure 1: Shadow behaviors KN-AdS black holes for different values of a and b by taking Λ = −3/`2 = −10−4 and
m = 1.
3 Shadows of Kerr-Sen AdS black hole
In this section, we deal with the shadow behaviors of the Kerr-Sen black hole with a negative
cosmological constant built recently in [17]. We refer to this solution as KS-AdS. This solution
has been obtained form the original KS model by implementing a nonzero negative cosmological
constant [24]. It is known that this could be derived from a lower energy limit of the heterotic
superstring theory living in ten dimension. Concretely, the associated black hole metric can be
obtained from an action involving stringy fields, including the dilaton-axion field, a Maxwell field
and the B-field. More details on the performed calculations can be found in [24]. Following [17],
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the line element the four dimensional KS-AdS black hole, in the coordinates (t,r,θ,φ), reads as
ds2 = −∆r
Σ
(
dt− a
Ξ
sin2 θdφ
)2
+ Σ
(
dr2
∆r
+
dθ2
∆θ
)
+
∆θ sin
2 θ
Σ
(
adt− (r
2 + 2br + a2)
Ξ
dφ
)2
, (3.1)
where the involved terms are given by
∆r = (1 +
r2 + 2br
`2AdS
)(r2 + 2br + a2)− 2mr, ∆θ = 1− a
2
`2AdS
cos2 θ, (3.2)
Ξ = 1− a
2
`2AdS
, Σ = r2 + 2br + a2 cos2 θ. (3.3)
It is indicated that m is a mass function and where a is a rotating parameter as before. While,
the parameter b given b = Q2/2m denotes now the dilatonic scalar charge, playing the same role
as the charge parameter of the KN black hole solution given in Eq.(2.2). Using similar techniques,
the first-order differential equations, describing the photon motion in such a background, read as
Σ
d t
dτ
= E
[(
r2 + 2br + a2
) [(
r2 + 2br + a2
)− aξKSΞ]
∆r
+
a
(
ξKSΞ− a sin2 θ
)
∆θ
]
, (3.4)
Σ
d r
dτ
=
√
RKS(r), (3.5)
Σ
d θ
dτ
=
√
ΘKS(θ), (3.6)
Σ
dφ
dτ
= E Ξ
[
a(
(
r2 + 2br + a2
)− aξKSΞ)
∆r
+
ξKSΞ− a sin2 θ
sin2 θ∆θ
]
. (3.7)
In these equations, RKS(r) and ΘKS(θ) describing the radial and the polar motion take the fol-
lowing form
RKS(r) = E2
[[(
r2 + 2br + a2
)− aξKSΞ]2 −∆r[(a− ξKSΞ)2
∆θ
+ ηKS
]]
, (3.8)
ΘKS(θ) = E
2
[
ηKS∆θ − cos2 θ
(
ξ2KSΞ
2
sin2 θ
− a2
)]
. (3.9)
Imposing the constraints RKS(r)
∣∣∣
r=r0
= dRKS(r)dr
∣∣∣
r=r0
= 0, the shadow behaviors of the KS-AdS
balck hole can be determined by the following impact parameters
ηKS =
16(b+ r)2∆(r)
(
a2∆(θ)−∆r
)
+ r(2b+ r)∆′(r) (8(b+ r)− r(2b+ r)∆′(r))
a2∆(θ)∆′(r)2
∣∣∣∣
r=r0
(3.10)
ξKS =
a2∆′(r) + 2br∆′(r)− 4b∆(r) + r2∆′(r)− 4r∆(r)
aΞ∆′(r)
∣∣∣∣
r=r0
. (3.11)
Placing the observatory in the equatorial plane θ = pi/2, these two equations reduce to
ηKS =
r20
(
−a4 (2b2 + 3br0 + r20)2 + 2a2`2AdS(b+ r0)CKS −A2KS)
a2B2KS
(3.12)
ξKS =
`2AdS
(−a4(b+ r0) + a2 (−2b2r0 + b (`2AdS − 3r20)+ `2AdS(m+ r0)− r30)+ r0AKS)
aBKS
, (3.13)
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where AKS , BKS , and CKS are expressed as follows
AKS = `
2
AdS(2b
2 − 2bm+ 3br0 − 3mr0 + r20), (3.14)
BKS = a
2(b+ r0) + 4b
2r0 + b
(
`2AdS + 6r
2
0
)− `2AdSm+ `2AdSr0 + 2r30, (3.15)
CKS = 4b
3 + 4b2(m+ 2r0) + br0(8m+ 5r0) + 2`
2
AdSm+ r
2
0(3m+ r0). (3.16)
Taking the limit `AdS goes to the infinity, we recover the usual the KS black hole equations [25].
In order to visualise the shadows of KS-AdS black hole, we introduce the celestial coordinates
αKS and βKS in the equatorial plane as in the previous model. The corresponding behaviors in
terms of the (a, b) reduced moduli space are plotted in Fig.2. It follows from such a figure that
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Figure 2: Shadow behaviors KS-AdS black holes for different values of b and a by considering Λ = −3/`2 = −10−4
and m = 1.
the shadow shape is circular for slowly rotating black hole solutions. Moreover, its size depends on
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the b parameter. Indeed, it decreases by increasing b. For the values of a close to 0.9, an identical
behavior associated with cardioid-like shapes has been remarked passing by a D-shape observed
near a = 0.7. A close inspection relying on known result pushes one to suggest that the presence
of the charge parameter has considerable effects on the black hole silhouette being heart-shaped.
This suggestion needs deeper reflections being left for other investigations. The size gets smaller
by increasing such a parameter. We expect that the shadows shrink for very large values of b.
4 Distortion and energy emission rate: comparative study
In this section, we would like to provide a comparative study associated with a negative cosmo-
logical constant using certain regions of the (a, b) reduced moduli space. First, we start with the
geometrical distortion behaviors. Then, we deal with the energetic aspects by examining the energy
emission rate.
4.1 Distortion behaviors
To inspect the geometric deformations of the black hole shadows, one usually need two parame-
ters Rc and δc controlling the size and the shape, respectively [26, 27]. In particular, the size is
characterized by three specific points being top and bottom position of shadow (αt, βt), (αb, βb),
the point of reference circle (α˜p, 0). The point of distorted shadow circle (αp, 0) intersects the
horizontal axis at αp. The distance between the two letter points is controlled by a parameter
Dc = α˜p − αp = 2Rc − (αr − αp) [27]. Indeed, the parameter Rc of the shadow is approximately
given by
Rc =
(αt − αr)2 + β2t
2|αt − αr| . (4.1)
However, the distortion parameter defined as a ratio of Dc and Rc reads as
δc =
Dc
Rc
. (4.2)
To provide a deep comparative study concerning the KN-AdS and the KS-AdS black holes, we
analyse the astronomical parameters Rc and δc. These two observables are plotted in left panels
of Fig.3 in terms of the (a, b) reduced moduli space. It has been observed that Rc, controlling the
size, decreases by increasing the parameters b. For values of b between 0 and 0.15, Rc is almost
the same for both black holes even if we vary the parameter a. For b > 0.15, RKSc is bigger than
RKNc for different values of a. Concerning the remaining astronomical parameter δc, controlling
the distortion, it is plotted for both black holes in right panels of Fig.3. It follows that for a = 0.1,
the distortion parameter δc is almost zero for both types of black holes. For a > 0.1, δc increases
by increasing the parameter a. It has been observed that δKNc is bigger than δ
KS
c for values of b
above 0.2. For values lower than 0.2, however, δKNc and δ
KS
c are equal. For b = 0.1, the distortion
δc of the two black holes coincides even if we vary the parameter a. Otherwise, δ
KN
c is bigger than
δKSc , showing that the distortion in the KN-AdS spacetime is more relevant than the one in the
KS-AdS background.
Having discussed the shadow shapes of the rotating and charged black holes with a negative cos-
mological constant, we move to investigate the energy emission rate.
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Figure 3: Astronomical observables for different values of b and a by taking Λ = −3/`2 = −10−4 and m = 1.
Dashed lines represent KN-AdS black holes and the continuous ones represent KS-AdS black holes.
4.2 Energy emission rate
It has been known that for, a far distant observer, the absorption cross-section approaches to the
black hole shadow. At very high energy, it is noted that the absorption cross-section oscillates near
to a limiting constant value. According to [28], the later being approximately equal to the area of
the photon sphere (σ ∼ piR2c) provides the energy emission rate expression given by
d2E($)
d$dt
=
2pi3(Ric)
2
e
$
Ti − 1
$3, i = KN,KS (4.3)
where $ is the emission frequency. In this relation, Ti which denote the temperature of the four-
dimensional rotating and charged AdS black holes, which can be given in terms of the horizon
radius rih
(
∆r(r
i
h) = 0
)
. It has been observed that not all values of the temperature and the
horizon radius are allowed for the the rotating AdS black hole due to the presence of the parameter
a in the involved expressions. For the KS-AdS black hole, the temperature reads as
TKS =
1
2pi
(
a2 + (rKSh )
2
) ((b+ rKSh ) (a2 + 4brKSh + 2(rKSh )2)
`2AdS
−m+ b+ rKSh
)
. (4.4)
In Fig.4, we plot the energy emission rate as a function of the emission frequency $ for certain
points of the (a, b) moduli space.
It has been remarked from such a figure that the effect of the twist parameter b changes when
we increase the rotation rate a. For a = 0.2, we concretely observe that the energy emission rate
increases with the increase in the value of the parameter b. For a = 0.9, however, an opposite
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Figure 4: Energy Emission rate for KS-AdS black hole for different values of b and a.
behavior is observed. Moreover, we notice that the emission rate decreases by increasing the
parameter a.
For KN-AdS black hole, certain distinctions appear. Indeed, the Hawking temperature is given by
TKN =
1
2pi
(
a2 + (rKNh )
2
) (rKNh (a2 + 2(rKNh )2)
`2AdS
−m+ rKNh
)
. (4.5)
It has been observed that when we increase the rotation parameter a, some constraints are imposed
on the parameter b. In fact, only the small values of the latter are possible being also seen for the
horizon radius rKNh . For such regions, the energy emission rate can be approached. In Fig.5, these
energetic aspects are plotted as a function of the emission frequency $ for different values of a and
b.
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Figure 5: Energy emission rate of KN-AdS black hole for different values of b and a.
For small values of the rotation rate a, it has been seen from this figure that the KN-AdS black
hole involves a slower evaporation process contrary to the KN-AdS one. Increasing the rotation
rate parameter a, however, we remark that both black holes exhibit similar behaviors. A particular
observation is that when we increase b, the KN emission rate becomes smaller than the KS one
11
which can be clearly observed from the associated shadow radius and the temperature. This could
be due to stringy effects on the black hole solutions. This suggestion could be addressed in future
works.
5 Effects of the cosmological constant on shadows
In this section, we inspect the effects of the cosmological constant on shadows for both classes of
charged rotating black holes. In Fig.6, shadows with negative and positive cosmological constant
values for KN-(A)dS are compared at particular point of the reduced moduli space. It follows from
this figure that the shadow size is larger for the dS geometry.
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Figure 6: Shadow behaviors for KN-AdS for different values of the cosmological constant Λ, for a = 0.7, b = 0.2
and m = 1. In all panels, the red and dashed lines correspond to Λ = 0.
Besides, we observe from Fig.6 that the cardioid-like shadow appear for smaller values of the
parameters (a, b) in the dS background contrary to the AdS one. For fixed values of the parameters
(a, b), we compare the case of Λ = 0 with AdS and dS backgrounds. In particular, we find that the
former presence decreases the shadow size, while the latter increases it. This figure also reveals that
for the particular numerical value Λ = 5.10−2 we can observe the cardioid-like shape. Thus, we can
conclude that the positive values of the cosmological constant (de Sitter space) can be considered
as a boost to the shadow distortion. This result has been confirmed for KS-(A)dS illustrated in
Fig.7. A close inspection shows that there is a link between the cardioid-like shape and the impact
parameters ηi and ξi. Inspired by results of shadow figures, it has been concluded that such a link
is translated to a requirement on ηi and ξi. For the usual shadow form, the condition is given by
|ηi| > 2λi (5.1)
where λi = ||ηi| − |ξi||. The the cardioid-like shadow shape, however, is associated with
λi < |ηi| < 2λi. (5.2)
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Figure 7: Shadow behaviors for KS-AdS for different values of cosmological constant Λ for a = 0.7, b = 0.2 and
m = 1. In all panels, the red and dashed lines are associated with Λ = 0.
For such conditions, the observables are examined as illustrated in Fig.8. It has been observed
that such optical quantities are the same for positive and negative cosmological constant. An
examination shows that the previous finding is also confirmed even for dS geometries. Moreover,
a similar comparative discussion has been elaborated for zero cosmological constant at generic
points of the moduli space [29]. For small parameter values, we find the same result. It should
be interesting to cheek others regions which could involve non trivial distinctions originated from
stringy behaviors of black holes.
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Figure 8: Astronomical observable for different values of cosmological constant Λ, for a = 0.7, b = 0.2 and m = 1.
Dashed and continuous lines represent KN-AdS and KS-AdS respectively.
6 Conclusions and discussions
More recently, it has been remarked that the shadows of black holes has been considered as an active
research subject encouraged by the finding of ETH international collaborations. Motivated by such
activities, we have investigated the shadows of charged rotating black holes with a cosmological
constant. For AdS geometries, we have elaborated two explicit models. First, we have studied
shadow optical behaviors of the KN-AdS black hole. Then, we have dealt with the KS-AdS black
hole built recently in [17]. The key observation is that the shadows of both black holes exhibit
cardioid-like shapes for particular regions of the (a, b) moduli space. In order to unveil more data
on such optical behaviors of charged rotating black holes with a negative cosmological constant, we
have provided a comparative study. Precisely, we have found that the KN-AdS black hole possesses
a shadow radius less important than the KS-AdS one. However, the distortion is more relevant in
the KN-AdS background. These optical aspects have been consolidated by the energy emission rate
and evaporation process. In such an investigation, relevant distinctions have appeared. Precisely,
the KN-AdS energy emission rate is small compared to the KS-AdS one for some regions of the
reduced moduli space (a, b). Moreover, we have noticed that certain (a, b) regions have different
effects on the KN-AdS black hole compared to the KS-AdS one. An opposite behavior of the
parameter b for the slow rotation rate has been observed. Inspecting the effects of the cosmological
constant on the studied black holes, we have found the moduli space regions favoring cardioid-like
shadows for (A)dS backgrounds.
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This paper comes up with many questions. It would be of interest to inspect behaviors associated
with non trivial backgrounds by considering either the effects of the spacetime dimension or external
sources provided by DE and DM. It should be also interesting to make contact with theoretical
and observational findings. We hope to address elsewhere these open questions.
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